In order to evaluate the severity of peripheral vascular disorders, and to detect changes in the digital arteries of workers who use chain saws, the mechanical properties of the digital arteries of 22 such workers were examined using a photosensor. The results obtained in the present study suggest that the peripheral vascular disorders in workers using chain saws are due to the opening disturbance of the arteries with nonlinear changes in the peripheral artery, which is related to functional and organic abnormality of the arteries.
Abstract:
In order to evaluate the severity of peripheral vascular disorders, and to detect changes in the digital arteries of workers who use chain saws, the mechanical properties of the digital arteries of 22 such workers were examined using a photosensor. The elastic properties and the nonlinearity of digital arteries were assessed through observation of the changes in the vascular volume ratio (V/Vo) against the volume (Vo) at mean blood pressure (Pm).
A significant negative correlation was found between age and V/Vo at a transmural pressure of 30 mmHg (V30/Vo), which suggested that V30/Vo tended to decrease with aging.
Although it was impossible to calculate V30/Vo for chain saw operators because of the vague changes in the volume pulse wave, this nonlinearity was more clearly observed through changes in the relative vascular volume (V/V40) along with a reduction in cuff pressure (Pc) to 40 mmHg below systolic blood pressure. A group of similarly aged healthy controls and three groups of workers with a different severity of vibrationinduced white finger (VWF), i.e., no symptoms of VWF, mild VWF and severe VWF, were classified according to the changes in their VN40 and the reduction in Pc.
The results obtained in the present study suggest that the peripheral vascular disorders in workers using chain saws are due to the opening disturbance of the arteries with nonlinear changes in the peripheral artery, which is related to functional and organic
INTRODUCTION
Vibration-induced white finger (VWF), which often results from long-term exposure to hand-arm vibration, is a fundamental symptom of the hand-arm vibration syndrome. While the pathogenesis of VWF and the diagnosis of VWF have been studied by many researchers, the mechanism of VWF remains unclear, and it is difficult to diagnose VWF between attacks1,2) . We examined the effects of handgrip, local vibration, and cold water provocation on peripheral circulation by observing tissue blood flow3-5). However, in order to elucidate the functional and organic changes in the digital arteries of workers using vibratory tools, it is necessary to observe not only the indirect indices, such as tissue blood flow, but also the intrinsic characteristics of arteries, such as their elastic or mechanical properties. Furthermore, this analysis must be performed in a non-invasive manner. Recently, it has become possible to non-invasively measure blood pressure, the oxygen saturation level of arterial blood, and the elasticity of the digital arteries using a photosensor and light-emitting diodes (LED)6-10). Photosensors have also been used to measure the mechanical properties of digital arteries and indices such as the blood volume in peripheral tissue11).
In the present study, fundamental experiments were performed using a photosensor to evaluate the mechanical properties of the digital arteries. This new method of assessment was also applied to evaluate the arteries of workers using vibratory tools.
SUBJECTS AND METHODS
Principles of measurement
For the purpose of measurement, the finger was presumed to be composed of a non-blood area (skin, muscle, bone, connective tissue) and a blood area (arteries, capillary vessels, and veins), according to the difference in the optical characteristics of each area type. When light passes through the finger, its incident intensity decreases due to absorption by each area6). When the finger is subject to external pressure, the capillary vessels and veins collapse under comparatively low pressure. On the other hand, the tissue is thought to maintain a constant optical characteristic under the external pressure. Therefore, the intensity of transmitted light (I) will change in accordance with the change in vascular volume in the digital arteries when cuff pressure (Pc) rises above the venous pressure. The light pass length (L) through the artery is given by the following equation based on Lambert-Beer's law: Eighteen healthy men (25-65 years old) who had not used vibratory tools (controls) and 22 male chain saw operators (54-69 years old) were selected. The controls were divided into two groups: ten young subjects (25-47 years old) and eight older subjects (54-65 years old). The chain saw operators were divided into three groups according to their symptoms: ten subjects without any symptoms aged 54-69 years old with an exposure period of 2-32 years (group 1); six subjects with mild VWF (several attacks in the last year), aged 60-68 years old with an exposure period of 17-32 years (group 2); and six subjects with severe VWF (frequent attacks in the last year: at least once a week during the winter), aged 59-68 years old with an exposure period of 9-34 years (group 3). Of the six subjects with mild VWF in group 2, three had VWF attacks only in the fingers of the right hand, not the left. pare V30/Vo in chain saw operators with that in the healthy subjects, since the change observed in the former was different from the decline of V30/Vo with age, as observed in Fig. 4 . Moreover, we could not calculate V30/Vo in many of the chain saw user because the maximum point and appearance of AI were unclear.
Method of measurement

Examination by relative vascular volume
In order to examine the changes in vascular volume of the artery, the relative vascular volume (V/V40) was calculated for the vascular volume when Pc was 40 mmHg. While Pc dropped from Ps to 40 mmHg, Ps varied depending on each subject: Therefore, taking into consideration the percentage reduction when Pc dropped from Ps to 40 mmHg, the individual differences were corrected. The same nonlinearity as that observed in Fig. 4 was also found in the healthy subjects by observing the change in V/V40 as Pc dropped (Figs. 2 and 5 ). However in asymptomatic chain saw operators, V/V40 decreased at a low Pc reduction rate from Ps, and no rapid increase of V/V40 as Pc dropped was observed (Figs. 2  and 5 ). In the chain saw operators with VWF, the decrease in V/V40 at low Vo is the volume at Ptr = 0.
reduction rate of Pc from Ps was stronger and lasted longer than that in the asymptomatic chain saw operators. Furthermore, there was no significant difference between the V/V40 of the ten young, healthy men (< 50 years old) and that of the eight older healthy men (> 50 years old), and no differences between the left and right were observed. The V/V40 as Pc dropped was compared between four groups of similarly aged subjects: healthy control subjects, asymptomatic chain saw operators, and chain saw operators with mild VWF, and those with severe VWF (Fig. 6) . Values of the V/V40 are mean and 2SEM (double standard error). The V/V40 of the chain saw operators was significantly lower than that of the healthy controls when the reduction rate of Pc was 25% (p < 0.001). The V/V40 of chain saw user with mild VWF and chain saw operators with severe VWF were significantly lower than that of healthy controls until the reduction rate of Pc reached 50% and 75%, respec- Lively. The V/V40 of chain saw operators with severe VWF was significantly lower than that of the asymptomatic chain saw operators when the reduction rate of Pc was 25%, 50%, and 75%. Furthermore, the V/V40 of chain saw operators with severe VWF was significantly lower than that of chain saw operators with mild VWF when the reduction rate of Pc was 75%. Using the V/V40 of the healthy controls who were close in age to the chain saw operators, we established a standard for the decrease in the opening of the digital arteries when the reduction rate of Pc was 25%, 50%, and 75%. We also classified the decrease in the opening of the digital arteries into four grades: 0, 1, 2, and 3. Table 1 shows the relationship between this classification and the severity of VWF. Of the 20 fingers of the ten asymptomatic chain saw operators, 12 were classified as grade 0, five as grade 1, and three as grade 2 or 3. By contrast, there were no grade 0 fingers among the twenty-three fingers of chain saw operators with VWF. Among twenty fingers with VWF, 17 were classified as grade 2 or 3. Of the 12 fingers with severe VWF, seven were classified as grade 3, four as grade 2, and one as grade 1. Middle fingers with no VWF on the left hand of three subjects 
